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ABSTRACT

This is the first in a series of papers discussing the properties of a complete set of radio sources selec-
ted near S5 = 1 Jy. We present optical or infrared identifications for a sample of 452 radio galaxies.
The sources were selected from the 408 MHz Molonglo Reference Catalog, restricted only by flux
density and position on the sky, as follows: S,0s >0.95 Jy and —30° < decl. (1950) < —20°, and
9820™ < R.A.(1950) < 14%4™ or 20"20™ < R.A(1950) < 6"14™. This complete sample, the MRC/1 Jy
survey, contains 558 radio galaxies or quasars, of which six are occulted by bright stars or galaxies and
two are multiple confused sources. Of the remaining 550 sources, 527, or 96%, are identified to an r
magnitude of 25, and eight additional sources are identified to K = 19. Of the 17 unocculted objects that
remain unidentified, 15 are sources for which we have either poor radio maps or inadequate optical/IR
images. This paper presents finding charts and astrometric positions for the 452 sources that are not
identified as either quasars or BL Lacertae objects. Magnitudes in the r passband accurate to typically
0.1 mag are given for 353 of the radio galaxy identifications. Redshifts for 268 of the galaxies are also
listed; these have been derived from 450 spectroscopic observations. The radio observations, quasar and
BL Lac identifications, spectroscopy, and near-IR images will be presented in subsequent papers in this

series.

Subject headings: galaxies: photometry — quasars: general — radio continuum: galaxies — surveys

1. INTRODUCTION

All studies of astronomical objects have their origins in
surveys of one sort or another. Our understanding of radio
galaxies and quasars in particular is strongly rooted in well-
defined samples drawn from large surveys (e.g., the 3CRR;
Laing, Riley, & Longair 1983). Radio surveys are also
strongly motivated by their utility in identifying classes of
objects that can be observed at other wavelengths, and
thereby can be used for purposes beyond the study of radio
source physics per se. The earliest radio surveys with suffi-
cient resolution to allow the identification of the sources on
optical photographs contained many sources below the
limit of either the Palomar Observatory Sky Survey or the
deepest prime focus plates taken at the Hale 5 m telescope
(e.g., Wyndham 1966; Veron 1966). As radio observations
with resolutions of several arcseconds or better became
widely available (e.g., Jenkins, Pooley, & Riley 1977) it
became clear that a significant fraction of strong sources
could not be identified on any plate material (e.g., Kristian,
Sandage, & Katem 1974; Windhorst, Koo, & Kron 1985).
The use of CCDs and, more recently, near-IR arrays on
large aperture telescopes allows one to identify all, or nearly
all, strong and intermediate strength sources, as this paper
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and others demonstrate (e.g., Dunlop et al. 1989). There are,
however, only a handful of radio surveys for which intensive
optical follow-up observations have been made. The
paucity of radio samples for which complete optical identifi-
cations and redshifts exist has hampered our ability to
obtain a thorough census of the radio source population
and has limited the degree to which radio sources can be
used as probes of the distant universe.

This paper is the first in a series aimed at expanding our
knowledge of the radio, optical, and infrared properties of a
sample of sources selected solely by low-frequency flux
density. This survey will be used to address a variety of
astrophysical problems. Understanding the high-redshift
radio galaxies and the relationship between radio galaxies
and radio quasars are two examples of goals for which this
program was initiated. Despite the existence of numerous
radio surveys at a variety of frequencies, there are at present
few complete and unbiased surveys of extragalactic sources
for which corresponding optical observations are available.
The 178 MHz 3CRR survey (Bennet 1962; Laing et al. 1983)
is the best-studied sample of strong low-frequency selected
sources and is one of the few complete radio samples for
which optical identifications and redshift measurements
exist for all the sources (see Rawlings et al. 1996 for the last
of the 3CRR sources; see Djorgovski et al. 1988 and
Spinrad et al. 1985 for the 3CR identifications). At higher
frequencies there are several samples that have been fully
identified with optical counterparts (e.g., Wall & Peacock
1985). The Parkes Selected Regions (Downes et al. 1986;
Dunlop et al. 1989) is a large and completely identified
sample selected at 2700 MHz. The redshift content for this
sample, however, is fairly meager. Other high-frequency
surveys having a high fraction of optical identifications
and/or redshifts are confined to strong sources and sample
the radio source population with a selection function
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strongly weighted toward self-absorbed and/or beamed
sources (€.8., the sample of Pearson & Readhead 1981; the
2 Jy samples of Peacock & Wall 1981 and Wall & Peacock
1985). Ekers et al. (1989) have selected a “complete ” sample
of radio galaxies, but imposed an optical magnitude cutoff
of m, = 17.0 mag; thus their sample is not complete in the
sense of this discussion (i.e., limited by radio flux density
only). The identification and spectroscopy program for the
Third Bologna Survey (Vigotti et al. 1989) being carried out
by Djorgovski and co-workers (e.g., Thompson & Djor-
govski 1994) promises to produce an additional sample
with complete optical data.

Surveys at low frequency are of particular interest for
finding radio galaxies, especially those at large redshifts,
and in recent years several samples have become available.
The low-frequency selected catalogs offer the advantage of
being less affected by optical depth and beaming, and thus
sample the source population with an isotropic selection
criterion. The differential source counts at 408 MHz show a
large excess over Euclidean predictions in the ~0.25-1 Jy
range of flux densities (e.g., Wall 1980; Condon 1984).
Allington-Smith (1982) produced the first catalog designed
to sample this rapidly evolving population of sources. The
Allington-Smith sample (the B2/1 Jy), based on the Second
Bologna Survey (Fanti et al. 1974 and references therein), is
too small to provide much statistical leverage and remains
incomplete in its redshift content. Since the time of the
Allington-Smith work, a number of groups have defined
other samples of sources chosen near the peak in the source
counts (e.g., Eales et al. 1985a, 1985b, 1985c).

The utility of the S5 ~ 1 Jy flux limit in finding sources
at high redshifts has been well demonstrated (Lilly 1988,
1989; McCarthy et al. 1990, 1991). Surveys defined by addi-
tional criteria, particularly spectral index, have been the
most successful in identifying radio galaxies at high redshift,
with greater efficiency than the complete flux-limited
samples. The steep-spectrum samples have produced the
largest number of galaxies at redshift z > 2 (e.g., Chambers,
Miley, & van Breugel 1990; Rottgering, van Ojik, & Miley
1994; McCarthy et al. 1990, 1991 ; van Ojik, Miley, & Rott-
gering 1996; H. Spinrad et al., unpublished) and have led to
the discovery of several galaxies with z > 3 (Chambers et al.
1990; McCarthy et al. 1990, 1991; van Ojik et al. 1996).
More sophisticated selection techniques based on radio
spectral shape, angular size, and flux density have led to the
selection of even rarer objects, including the z = 4.25 radio
galaxy 8C 1435463 (Lacy et al. 1995; Spinrad, Dey, &
Graham 1995). While these surveys provide an effective
means of selecting distant objects, they do not necessarily
give an unbiased picture of the population of radio sources
at high redshift. A summary of various radio surveys rele-
vant to high-redshift galaxies is given in McCarthy (1993).

Our expectation was that an unbiased selection of
sources from a complete low-frequency catalog at a flux
density near the peak of the source counts would contain a
high proportion of high-redshift galaxies while still provid-
ing an unbiased sample of radio galaxies and quasars over a
wide range of redshift, spectral index, and angular size. This
was the primary motivation in the design of the present
program, which has led to the identification of a large
sample of radio sources, complete to a limiting flux density
0f 0.95 Jy at 408 MHz.

In addition to providing fertile ground for discovering
high-redshift galaxies, the sample provides the opportunity
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to study properties of the radio source population itself. For
example, the 3CRR, by virtue of its completeness, lends
itself to statistical studies of correlations between various
properties of the sources. A number of interesting corre-
lations have been reported, viz., emission-line luminosity
versus radio power (Baum & Heckman 1989; McCarthy et
al. 1990; Saunders et al. 1989; Rawlings 1994), radio spec-
tral index versus radio power (Laing & Peacock 1980), spec-
tral index versus redshift (Chambers et al. 1990), cluster
environment versus redshift (Hill & Lilly 1991; Yates,
Miller, & Peacock 1989), and others. The strong Malmquist
bias in the 3CRR, however, makes it often impossible to
separate correlations with radio luminosity (or monochro-
matic power) from those with redshift. The few weaker
samples that have been studied for these purposes have
rarely been conclusive in breaking the degeneracy as they
are small and often incomplete in their identification and
redshift content (e.g., Allington-Smith et al. 1985; Owen &
Keel 1995). Our program addresses these problems directly.
While our limiting flux density is only a factor of ~ 6 below
that of the 3CRR [S (178 MHz) > 10 Jy], the large number
of sources provides extra leverage in breaking the redshift-
power degeneracy.

This paper is the first in a series resulting from our long-
term multiwavelength study of this well-defined, low-
frequency, complete sample of radio sources. It is restricted
to a presentation of the optical/infrared identifications,
astrometry, r magnitudes, and those redshifts presently
available. Kapahi et al. (1996b; hereafter Paper II) presents
and discusses the VLA radio data. Kapahi et al. 1996a
(hereafter Paper ITI) present radio data and optical identifi-
cations for the quasars and BL Lacertae objects in the
sample. McCarthy, van Breugel, & Kapahi (1996b, here-
after Paper IV) presents the optical spectroscopic results.
McCarthy et al. (1996a, Paper V) presents and discusses
selected infrared data, optical-to-infrared energy distribu-
tions, and the K-band Hubble diagram.

2. SAMPLE DEFINITION

The Molonglo Reference Catalog (Large et al. 1981, here-
after MRC) was produced from a 408 MHz survey carried
out with the Molonglo Synthesis Telescope. The limiting
flux density of the MRC is 0.7 Jy, and the catalog is believed
to be 99.9% complete at S5 = 1 Jy. Our sample is drawn
from the MRC with the following restrictions: S,og > 0.95
Jy; —30° <decl. (1950)< —20°, and 9"20™ < R.A.
(1950) < 14P4™ or 20"20™ < R.A. (1950) < 6"14™. No other
explicit radio (e.g., spectral index, angular size) or optical
selection criteria were applied, although the survey fre-
quency and the beam size of the Molonglo Synthesis Tele-
scope (2'5) build in some biases in the range of spectral
indices and angular sizes sampled. Our sample should be
essentially complete for sources brighter than 0.95 Jy and
with angular sizes less than 2!5. The sample, henceforth
referred to as the MRC/1 Jy, contains 558 sources, more
than 3 times the size of the 3CRR (Laing et al. 1983) and 10
times larger than the B2/1 Jy sample (Allington-Smith
1982).

The flux densities in the MRC are of high quality and
precision, but the low angular resolution of the survey
makes it impossible to identify more than a modest fraction
(~20%) of the sources on the basis of their 408 MHz posi-
tions. Each source in the sample (with two exceptions) was
imaged at 5 GHz using the VLA in its southern-source
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optimized A/B or B/C configurations. A few of the largest
sources were also imaged at 1400 MHz. The details of the
VLA radio observations, the exact frequencies, bandwidths,
and beam sizes are described in full in Paper II. The optical
identifications presented here comprise only those sources
not identified with either quasars or BL Lac objects and are
essentially all radio galaxies. The six occulted sources and
the 17 sources that remain unidentified are listed and noted
herein. Many of these unidentified sources are large sources
for which our maps are too poor to allow us to identify the
host galaxies. Less than 1% of the sources have counter-
parts that are too faint to allow detection in our deep visible
and near-IR imaging data.

3. OBSERVATIONS AND REDUCTIONS

3.1. Initial Astrometry

In order to identify all the galaxies and quasars in the
radio sample we first compiled a grid of secondary astrom-
etric stars for each field. At each VLA source position we
extracted a 725 x 725 image from the digitized SERC J
southern sky survey films at the Space Telescope Science
Institute (Lasker et al. 1990). The positions of several stars
were measured using GASP, the Guide Star Astrometry
Software Package. The centroid of each stellar image was
determined by fitting a two-dimensional Gaussian to the
profile; heavily saturated stars were avoided. The 177 pixels
of the digitized sky survey images result in a somewhat
poorer positional accuracy (rms = 172, Lasker et al. 1990)
than is achievable with direct measurement of the original
plate material or print/film copies. The net uncertainty of
~1%5 in the secondary plate solution derived from five to
six stars did not, however, limit our ability to identify any of
the sources. Approximately 25% of the radio galaxies were
identified directly on the sky survey films or the digitized
plates and their J2000 positions were measured therefrom.
For approximately 50 of the empty field sources we mea-
sured the positions of secondary astrometric reference stars
directly on the SERC J films using the two-screw Mann
measuring engine located at the Carnegie offices in Pasa-
dena. The rms uncertainty in the plate solution based on the
measurement of 15-25 SAO stars was typically 076-0"9.
Many of the sources identified in this manner are given in
McCarthy et al. (1990, 1991).

The type of radio position that was used in searching
either the plate material or the CCD images differed
depending on the size and morphology of the source. For
unresolved sources we fitted a two-dimensional Gaussian to
the radio image to derive the position. Similarly for sources
with a central component (triples and some complex
sources) we fitted a Gaussian to the central component. For
simple doubles we searched for identifications at the mid-
point of the lobes, rather than at the centroid, although we
accepted candidate identifications along the line between
the lobes. Finally, for complex and marginally resolved
sources, we used the centroid of the radio image as the
search position. These positions are given in Table 2 of
Paper I1.

3.2. CCD Imaging Observations

Nearly all of the sources in the radio sample that were not
identified with stellar-appearing objects on the sky survey
material were imaged with either the 2.5 m du Pont or 1.0 m
Swope telescopes at Las Campanas Observatory (LCO),
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Chile. The majority of these sources are not visible on the
southern sky survey films, despite the increased depth of
those films compared to the Palomar Observatory Sky
Survey prints. The 2.5 m telescope was used to image all the
“empty ” field sources, while the 1.0 m telescope was used to
image all the sources that were identified but were not
clearly stellar on the SERC J sky survey. For both tele-
scopes, the CCD imaging camera was located at the Casseg-
rain focus and was operated without any corrector or
reimaging optics. An 800 x 800, thinned and UV-flooded,
Texas Instruments CCD with 15 um pixels was used for
almost all of the imaging observations at both telescopes. A
2 x 2 pixel on-chip binning mode was used on the 2.5 m
telescope, giving a scale of 073317 pixel ~* and a field of view
of 132" x 132 ". The pixel scale was determined by measur-
ing the separations between ~ 900 pairs of stars whose posi-
tions had been measured on the sky survey films with the
Mann engine as described above. On the 1 m telescope the
TI CCD was run without binning, giving 07435 pixel ~! and
a field of view of 348” x 348". The plate scale for the Cass-
egrain focus of the Swope Telescope was determined by Dr.
Ian Thompson from observations of globular clusters for
which accurate astrometry is available. A few observations
were made at the 2.5 m telescope with either a 512 x 512 (27
um pixels) Tektronix CCD or a 1024 x 1024 with 24 ym
pixels; the scale with these devices is 07294 and 07229
pixel ~1, respectively. These detectors are referred to as Tek
No. 1 and Tek No. 2 in Tables 1 and 2. The latter scales
were determined from the known linear size of the pixels
and the plate scale of the uncorrected Cassegrain focus of
the 2.5 m as determined with the TI CCD.

The CCD observations were made with 2 x 2 inch g and
r filters of the Thuan & Gunn (1976) photometric system,
and the i filter of the Wade et al. (1979) system. Care was
taken to use the same filters for all observations on both
telescopes and over the entire 6 yr duration of the observing
program. Nearly all images taken for identification pur-
poses were in the r band, but in times of bright moon the i
filter was used. Special care was taken during each run to
determine the orientation of the CCD with respect to circles
of constant declination. Trailed stellar images (taken with
the telescope tracking off) were used to find and adjust the
rotation of the CCD rows; typical residual rotations were
less than 1°. Accurate knowledge of the rotation of the CCD
images was crucial in determining offsets from nearby stars
for subsequent spectroscopic observations. As long as the
rotation was small, the astrometric solutions were robust,
since the field rotation was treated as a free parameter in the
fit. Curvature of the coordinate grid was a further concern,
but the small size of the TI CCD and the declination of our
survey ensured that this was insignificant.

The imaging observations were made during several
observing runs in the period from 1989 March to 1996
January. The dates of the observing runs and a two-word
summary of the prevailing conditions during each are listed
in Table 1. A typical observation of a faint galaxy consisted
of several exposures of 300 s duration, with the telescope
offset a few arcseconds between exposures. Unless the iden-
tification was clearly visible in a single 300 s exposure, a
total of 2400-2700 s of data was obtained. This provided for
a reasonably uniform signal-to-noise ratio in the ensemble
data set. Variations in the observing conditions from run to
run, and often within a run, naturally add dispersion to the
depths actually reached on the many targets. While there
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TABLE 1
OBSERVING RUNs
Date Telescope
Number T (m) Detector Scale Weather
1o 1989 Mar 115 25 TI No. 1 0.332 Photometric
2., 1989 Jul 29-Aug 5 2.5 TI No. 1 0.332 Poor seeing
3oenis 1989 Oct 26-28 25 TI No. 2 0.332 Mixed
Z: SRR 1989 Oct 29-31 2.5 TI No. 1 0.332 Mixed
I 1990 Apr 19-25 2.5 Tek No. 1 0.294 Lost to clouds
6........ 1990 Aug 17-19 2.5 Tek No. 1 0.294 Poor seeing
Teeernenn 1991 Mar 10-14 2.5 TI No. 1 0.332 Mostly photometric
8..oai. 1991 Sep 5-9 25 TI No. 1 0.332 Cirrus
9.enenen 1992 Mar 27-31 25 TI No. 1 0.332 Mostly clouds
10 ...... 1992 Sep 28-Oct 1 25 TI No. 1 0.332 Mixed
11 ...... 1992 Oct 1-3 1.0 TI No. 1 0.435 Mostly photometric
12 ...... 1992 Oct 29-Nov 1 1.0 TI No. 1 0.435 Photometric
13 ...... 1993 Feb 18-22 25 TI No. 1 0.332 Mixed
14 ...... 1993 Feb 26-28 1.0 TI No. 1 0435 Mostly photometric
15 ...... 1993 Sep 11-17 1.0 TI No. 1 0435 Mixed
16 ...... 1993 Sep 1722 2.5 TI No. 1 0.332 Mixed
17 ...... 1994 Mar 11-12 2.5 TI No. 1 0.332 Mixed
18 ...... 1994 Aug 29-Sep 1 2.5 TI No. 1 0.332 Mixed
19 ...... 1995 Feb 1- 3 25 TI No. 1 0.332 Mixed
20 ...... 1995 Sep 15-18 2.5 TI No. 1 0.332 Mixed
21 ... 1996 Feb 17-19 2.5 Tek No. 2 0.256 Photometric

were periods of very good seeing (i.e., <1”), many of the
images taken for identification purposes were obtained in
mediocre to poor seeing (172-178). Nearly all of the non-
photometric, but still usable, nights were used to obtain
images for identifications. Whenever possible the objects
were reobserved for calibration purposes on a photometric
night. During these nights we observed UBVRI standards
from Landolt (1992); we used stars that have been set up as
secondary gri standards by Thompson, Searle, & Krze-
minski (1996). Standard star fields were observed several
times each night at a range of airmass. The —29° latitude of
the observatory is such that our radio sample passes nearly
overhead, and as our targets are widely distributed in right
ascension it was easy to remain at airmass values of less
than 1.3.

Finally, in cases where a source was visible but not clearly
stellar on the sky survey, we obtained r- and g-band images
using the 1.0 m telescope. These exposures were typically
only 20-30 minutes in duration and were made to deter-
mine magnitudes and morphology rather than to obtain
identifications.

3.3. Optical Image Reduction

We endeavored to obtain the maximum possible depth
from the images as many of the source identifications are
quite faint. For all of the r and i imaging runs on the 2.5 m
telescope we constructed dark sky flat fields from a median
of all the r or i images for a set of typically one to three
nights’ worth of data. Exposures shorter than 300 s and
those containing bright stars or galaxies were not used. We
found from experience that flats constructed from data
obtained over two or three nights usually were satisfactory,
but for longer runs more than one flat was required. Images
flattened with the r and i dark sky medians were flat to 1%
or better.

After each exposure was bias corrected and divided by
the normalized flat field, multiple exposures of the same
field were shifted into registration using a linear inter-
polation in each coordinate. The offsets were determined
from the centroids of one to three stars in each frame. The
individual frames were then summed to produce the final

image, which typically reach a depth of r ~ 25 mag (2 o) for
detection of an optical counterpart. In several cases scat-
tered light from a nearby bright star significantly contami-
nated the region of the image near the radio source position.
In these cases we removed this excess background by fitting
and subtracting a low-order surface to a 200 x 200 pixel
subsection of the image after editing out the bright stars and
galaxies. This procedure is never 100% satisfactory and
often leaves noticeable residuals (e.g, 1107—272,
2059—228, 2150—202). All of the optical and infrared
image processing was done with NOAO’s IRAF reduction
package.

3.4. Infrared Observations and Reductions

Approximately 2% (11 sources) of the unocculted/
unconfused sources in the sample remain unidentified at the
r ~ 25 level. Eight of these sources were subsequently iden-
tified on deep H-band (1.5-1.8 um), K-band (2.0-2.4 um) or
K-short (1.99-2.32 um) images. The details of our near-
infrared imaging program will be described elsewhere.
Briefly, the infrared images were obtained with a 256 x 256
HgCdTe NICMOS3 array camera (Persson et al. 1992)
mounted on the 2.5 m du Pont Telescope. For each field
discussed here we took 30 or 35 s exposures and shifted the
telescope a few arcseconds after every third exposure. A
total of ~75-120 frames were obtained for each object,
giving total integration times of 2700-3600 s. Each expo-
sure was linearized, corrected for dark counts, and then
combined to make a median sky and flat-field frame. The
individual exposures were sky subtracted, flattened, shifted
into registration, and then combined with a mask applied to
the bad pixels. The resulting images typically reach a depth
of K ~ 19.5 mag (2 o) in a 4” diameter aperture.

3.5. Source Identification, Astrometry, and Photometry

Each CCD frame contains one to eight stars whose posi-
tions were determined from the sky survey material as dis-
cussed above. The centroids of these stars were measured
and a secondary (CCD) frame solution was computed.
From this solution we derived the pixel position of the radio
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TABLE 2

Run
IAU (1950) 6(1950) z r (mag) Filter FOV Number Notes Remarks
0001—233...... 00 01 29.13 —232339.7 0.097 16.3 r 2 1
0001—237...... 00 01 1445 —2346 245 0.315 18.7 r 2 11
0006—212...... 00 06 33.01 —2113 140 0.91 22.5 r 1 8,20
0007—287...... 00 07 26.29 —28 46 11.8 r 2 11 N Occulted by star
0015—229...... 00 15 26.51 —22 54432 2.01 23.1 r 1 10
0017—-205...... 00 18 01.51 —20 32494 0.197 18.2 r 1 18
0020—253...... 00 20 38.13 —2519 070 0.35 i 1 18
0022—-209...... 00 22 16.66 —2059 17 0.054 15. r 1 20 N
0023—-203...... 00 23 43.02 —2021 329 0.845 22: r 1 16 N Near bright star
0023 —263...... 00 23 19.04 —26 18 49.6 0.322 19.1 r 1 16
0025—204...... 00 25 21.90 —20 24 140 i 1 18
0025-277...... 00 24 59.56 —27 47 480 i 1 18
0028—223...... 00 28 32.24 —2223423 0.205 18.0 r 2 11
0029-—-232...... 00 29 33.66 —2314 420 24.8 r 5 6 N
0029—-243...... 00 29 51.64 —24 21423 1.29 225 r 1 10 N
0030—219...... 00 30 53.86 —2158 33.0 2.168 23.8 r 1 2
0030—297...... 00 30 17.72 —29 47 430 232 r 1 18
0032—203...... 00 32 39.07 —20 20 26.8 0.516 20.1 r 1 20
0034—234...... 00 34 52.89 —232500.2 229 r 1 4,20
0035—-231...... 00 35 55.64 —2309 319 0.685 20.6 r 1 16
0036—216...... 00 36 00.52 —21 36 339 0.338 r 1 11
0037—258...... 00 37 28.05 —2550 582 1.100 21.5 r 5 6
0038—209...... 00 38 18.74 —21 00074 0.0906 16.5 r 2 11
0038—2%...... 00 38 44.88 —29 24 14.1 .. 23.5 r 1 18
0041-224...... 00 41 43.34 —2228432 K 3 * N
>24 r 5 6
0042—248...... 00 42 35.20 —24 50 47.8 212 r 1 16
0045—255...... 00 45 00.00 —253000 0.001 . N NGC 253
0048 —233...... 00 48 2545 —2323128 0.111 1 8 N
0050—222...... 00 50 15.06 —2212024 0.654 19.7 1 20
0052—241...... 00 52 02.91 —24 07 452 2.86 232 5 6 N
0055—-256...... 00 55 31.10 —25 38 48.6 0.1985 18.1 r 2 11
0055—258....... 00 55 16.72 —2549 265 204 r 2 1
0056—242...... 00 56 01.44 —24 17 16.7 194 r 2 11
0059—287...... 00 59 28.13 —28 47 27.3 22.0 r 1 18
0100—221...... 01 00 15.09 —2209 004 0.058 . SS 4 .
0100—-277...... 01 00 19.45 —27 47.313 215 r 2 1
0101—275...... 01 01 11.03 —27 31 147 22.0 r 1 18
0102—256...... 01 02 27.14 —253657.1 23 r 5 6 N
0103—-243...... 01 03 47.27 —24 22 40.8 23.5: r 5 6
0106—291...... 01 06 14.96 —29 07 28.0 i 1 18
0110—224...... 01 10 03.55 —2226434 r 1 3
0112-209...... 01 12 16.62 —20 58 41.0 232 r 1 10
0112—-219...... 01 12 51.44 —21 5428 .. N Not observed with VLA
0113—-245...... 01 13 20.55 —24 3304 r 1 N Unidentified
0113-285...... 01131731 —28 32572 22.1 r 1 18
0114-211...... 01 14 26.00 —2107 558 1.41: 221 r 1 18
0115-261...... 01 15 52.65 —26 07 35.7 0.268 18.8 r 1 18 N
0121-295...... 01 21 10.99 —29 32 08.0 .. 224 r 1 18
0122-255...... 01 22 23.85 —253250.1 r 2 11 N Occulted by star
0125-201...... 01 25 05.88 —20 11 426 235: r 1 10
0125-216...... 01 25 44.72 —2137420 0.340 18.7 r 1 8
0127-276...... 01 27 48.73 —27 40 09.2 0.318 20.5: r 2 16 N
0128 —264...... 01 28 06.59 —262523.1 23.1 r 1 10
0133-277...... 01 33 40.74 —274302.1 23.8 r 5 6
0137-263...... 01 37 32.60 —2622172 0.16: 20.1 r 1 8
0138—-218...... 01 38 49.81 —2153412 223 r 5 6
0139-273...... 01 39 07.90 —2721194 1.44 214 r 1 8
0140—-257...... 01 40 21.15 —254539.8 264 233 r 1 3
0143—246...... 01 43 00.93 —24 38 35.6 0.716 21.5 r 1 20
0144—-227...... 01 44 47.96 —224739.2 0.6 210 r 1 8
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0146—224........ 01 46 52.64 —2226 309 0.36 19.3 r 2 11
0147-—288........ 01 47 13.05 —28 5317.6 22.3 r 1 18
0148—297........ 01 48 19.59 —29 46 46.3 0.41 21.3 r 2 11
0149—260A....... 01 49 349 —2602 110 0.144 172 r 2 11 N East source
0149—260B...... 01 49 32.03 —26 02 06.4 19.6 r 2 11 West source, galaxy B1
0149—-299........ 01 49 44.83 —29 55474 0.6034 20.7 r 1 20
0150-275........ 01 50 05.92 —27 33424 21.2 r 1 16
0152—209........ 01 52 34.05 —20 55 08.3 1.89 219 r 7 *
0152—-260........ 01 52 32.22 —26 03 02.6 204 r 5 6
0155—-212........ 01 55 32.12 —2116 54.5 0.159 17.0 r 2 11
0155—225........ 01 55 54.21 —22 35 16.6 22.7 r 1 18
0156—252........ 01 56 15.05 —2514 040 2.09 229 r 1 2
0156—278........ 01 56 36.64 —27 50 409 0.33 19.0 r 2 11
0201—214........ 02 01 11.61 —2128 110 0.915 21.3 r 1 10
0203—209........ 02 03 16.61 —20 57 071 1.257 22.8: r 1 2 N
0205—223........ 02 05 27.98 —22 18 59.6 22,6 r 1 18
0205—-229........ 02 05 20.34 —2259123 0.68 20.6 r 1 18
0208—240........ 02 08 59.68 —24 05295 0.23 18.2 r 2 11
0209—282........ 02 09 55.81 —28 14 14.7 0.6 21.2 r 1 16
0211—-256........ 02 11 14.24 —2539193 1.30 21.6 r 1 16
0211—258........ 02 11 34.89 —2552373 213 r 1 20 N
0216—250........ 02 16 27.82 —2501 58.8 22.1 r 1 20
0221-—285........ 02 21 31.07 —28 32323 18.9 r 1 20 N Uncertain ID
0223—-245........ 02 23 13.74 —2434453 0.634 214 r 1 16
0225—241........ 02 25 17.56 —24 08 21.1 0.52 19.5 r 1 20
0226—284A...... 02 26 17.06 —282702.2 0.21 174 r 1 18 N
0226—284B...... 02 26 11.67 —28 28 10.0 175 r 1 18
0226—292........ 02 26 03.07 —29 18 01.9 24.1: r 1 10
0229—208........ 02 29 18.66 —2053 363 0.087 16.2 r 1 8
0230—245........ 02 30 15.31 —2435172 0.88 194 r 1 8
0231—235........ 02 31 08.84 —2334129 0.81 21.5: r 1 20
0233—-290........ 02 33 45.74 —29 03 50.2 0.725 22.2 r 2 11
0237-201........ 02 37 1947 —20 06 18.8 1.03 23.2 r 1 8
0240—217........ 02 40 19.37 —214508.3 0314 r 1 20
0242—-221........ 02 42 08.85 —22 06 23.0 K 3 * N

r 1 10
0245—263........ 02 45 35.01 —26 21 46.7 0.35 19.6 r 2 16
0245—297........ 02 45 49.66 —29 43 42.6 0.36 189 r 1 18
0246—202........ 02 46 43.74 —20 14 57.2 0.58 209 r 1 11
0247-205........ 02 47 09.49 —20 35452 0.32 r 2 1
0247 -207........ 02 47 17.29 —2042 59.1 0.085 15.6 r 2 16
0251—-273........ 02 51 06.45 —2721222 3.16 23.0 r 1 16 N
0252—246........ 02 52 4297 —24 39 56.3 1.30 234: r 1 10
0253-206........ 02 53 35.34 —20 39 51.6 0.69 r 1 8
0253—-220........ 02 53 24.02 —22 05 59.6 0.112 16.6 r 2 11
0253-259........ 02 53 33.07 —2559 452 r 1 8
0254—236........ 02 54 01.25 —23 36 584 0.509 20.0 r 1 16
0254—263........ 02 54 06.11 —2622374 0.31 r 1 8
0254—274........ 02 54 41.80 —2729 59.6 0.48 19.2 r 5 6
0255—247........ 02 55 15.6 —24 45 46 r 1 16 N Unidentified
0255—-262........ 02 55 28.80 —2612 120 0.36 19.9 r 1 8
0256—236........ 02 56 38.36 —23 41 46 SS 4 N Unidentified
0259—252A...... 02 59 03.89 —2517 130 SS 7 N Unidentified
0259—-252B...... 02 59 16.05 —251539 ... Unidentified
0302-273........ 03 02 12.50 —27 22449 0.115 173 r 2 11
0305—226........ 03 0517.73 —22 36 4.1 0.268 183 r 1 16
0305—246........ 03 05 26.36 —24 41 227 1.265 22.0 r 2 10
0309—260........ 03 09 37.76 —26 04 34.5 23.1 r 1 16 N
0312—271........ 03 12355 —27 11 06 r 2 11 N Unidentified; multiple sources
0313—-271........ 03 13 56.20 —270917.3 0.216 17.7 r 2 11
0315-205........ 03 15 50.11 —20 31 109 20.7 r 1 10 N
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0316—-257...... 03 16 02.66 —25 46 03.7 3.13 22.6 r 1 2 N
0319—298...... 03 19 24.32 —295129.2 0.583 195 r 2 11
0320—263...... 03 20 56.61 —2620221 20.7 r 1 20
0320—267...... 03 20 53.13 —26 46 520 0.9: 22.5 r 1 8
0324—228...... 03 24 52.62 —22 50 06.7 1.89 238 r 1 3
0325-260...... 03 25 33.18 —260221.1 0.638 212 r 1 3,20
0326—288...... 03 26 31.60 —2852153 0.108 16.8 r 1 8
0327-261...... 03 27 03.50 —26 10 38 r 1 13 N Unidentified; multiple sources
0337-216...... 03 37 26.88 —21 39 04.9 0.414 19.2 r 2 16
0344—291...... 03 44 58.98 —29 09 409 0.137 17.0 r 1 8
0345-206...... 03 45 41.65 —20 36 42.1 214 r 1 10
0346—297...... 03 46 07.71 —29 42 109 0413 20.3 r 1 19
0346—298...... 03 46 49.76 —29 53 00.0 23.0 r 1 3
0349-—211...... 03 48 59.76 —21 06 58.5 2.31 24.5 r 1 8
0349-—-278...... 03 49 31.66 —27 53 309 0.066 16.8 r 1 16 N
0350—279...... 03 50 47.88 —2758 129 1.90 24.6 r 1 13
0353-207...... 03 53 25.60 —2042 06 r 1 8 N Unidentified
0354—263...... 03 54 46.15 —2621214 17.7 r 1 19
0357—247...... 03 57 49.19 —24 42 21.8 0.205 17.8 r 2 11
0357—264...... 03 57 28.43 —2623 59 r 2 1 N Unidentified
0359—-29%...... 03 59 20.45 —2929 457 21.7 r 1 8
0400—247...... 04 00 41.80 —24 46 154 1.105 21.8 r 1 8,20
0406—244...... 04 06 44.41 —24 26 08.1 244 22.7 r 1 3
0412—204...... 04 12 56.86 —2029 40.1 0.69 21.6 r 1 10
0415-221...... 04 15 46.02 —22 08 03.7 224: r 1 13
0420—263...... 04 20 3047 —26 23 40.8 0.131 SS 4
0422-249...... 04 22 56.88 —24 58 18.2 K 3 * N

>24 r 1 10
0424—268...... 04 24 37.83 —26 50 27.0 0.47 19.9 r 1 13
0428 —236...... 04 28 58.48 —2338 18 r 2 11 N Unidentified
0428 —271...... 04 28 16.34 —2706 214 0.84 21.7 r 1 15,20
0428 —281...... 04 28 16.98 —2807 124 0.65 20.8 r 1 10 N
0429 —-267...... 04 29 56.88 —26 44 302 1.27 22.1 r 1 3
0430-235...... 04 30 45.81 —23 30473 0.82 20.7 r 1 19
0431—-250...... 04 31 53.47 —2501 46 >24 r 1 19 N Unidentified
0431-292...... 04 31 36.52 —29 12 150 0.406 r 1 3
0434—225...... 04 34 27.34 —2232375 0.067 15.6 r 2 11
0436—203...... 04 36 32.96 —20 2508 .. N Unidentified
0436—29%....... 04-36 33.03 —29 25084 0.808 21.5 r 1 13
0437—-253...... 04 37 50.23 —2518 526 20.8 r 1 19
0442—282...... 04 42 37.70 —28 15238 0.147 17.2 r 2 11
0442—-285...... 04 42 27.86 —28 32 378 242 r 1 19
0442—-289...... 04 42 4537 —2857 11 . N Unidentified
0445—221...... 04 45 29.25 —2208 51.5 r 1 10
0446 —206...... 04 46 20.54 —20 37 37.8 0.074 16.2 r 2 11
0450—288...... 04 50 36.93 —28 51 370 K 3 *
0452—-260...... 04 52 31.20 —26 02 46.5 0.141 16.9 r 2 11
0453—-206...... 04 53 14.01 —20 38 57.3 0.035 151 r 2 1
0457—-235...... 04 57 11.52 —2335210 1.96 r 1 19 N
0457—247...... 04 57 51.04 —24 44 043 0.186 174 r 2 11
0458 —208...... 04 58 21.52 —20 51437 r 1 13
0503 —284...... 05 03 38.01 —28 28 16.5 0.037 164 r 1 18
0508—220...... 05 08 53.11 —22 05 31.6 0.16 17.5 r 1 19
0512—-200...... 05124263 .—200041.5 0.133 16.8 r 2 11
0516—275....... 05 16 22.02 —27 33 545 219 r 1 19
0519—208...... 05 19 30.14 —20 50 31.0 r 1 3
0520—289...... 05 20 03.40 —28 58 58.5 0.068 SS 4 .
0522—-239...... 05 22 49.68 —23 54 569 0.5 193 r 1 7
0522—-263...... 05 22 08.33 —26 22 555 0.29 SS 4
0524—-234...... 05 24 29.84 —2328 394 233 r 1 13
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0527—-255...... 05 27 19.40 —2531010 219 r 1 7
0528—212...... 05 28 3545 —21 15139 240: r 1 13
0529—-210...... 05 29 41.23 —2101 383 0.42 184 r 1 19
0531—-237...... 05 31 50.07 —23 46 282 0.851 21.2 r 1 7
0541—243...... 05 41 03.83 —24 22189 0.523 20.1 r 1 19
0541—288...... 05 41 24.48 —28 53 52.5 ... . K 3 * N
0543—-265...... 05 43 57.68 —2631179 0.85 209 r 1 7 N
0551—-226...... 05 51 17.26 —2240177 21.0 r 1 13 N
0552—-249...... 05 52 21.63 —24 56 13.8 235: r 1 19 N
0555—229...... 05 55 00.54 —2255252 231 r 1 19
0556—281...... 05 56 22.40 —28 09 245 r 1 13
0556—289...... 05 56 02.99 —28 56 00.1 20.0 r 1 19
0557—-235...... 05 57 03.02 —23 30512 K 3 * N
0600—219...... 06 00 10.48 —2158 160 1.71 245 r 1 17
0602—289...... 06 02 08.46 —28 58 36.5 0.56 21.3 r 1 14
0614—295...... 06 14 45.84 —29 30 03.6 K 3 * N
0930—-200...... 09 30 26.99 —20 04 349 0.769 212 r 1 13
0937-250...... 09 37 2432 —2502 356 20.8 r 1 13
0938—205...... 09 38 30.99 —20 33 46.5 0.371 20.2 r 2 14
0943—-242...... 09 43 1593 —24 14 57.8 293 223 r 1 1
0946—237...... 09 46 12.59 —2342423 220 r 1 13 N
0946—262...... 09 46 53.02 —26 16 29.8 K 3 * N
0947—-217...... 09 47 34.0 —214225 r 1 1 N Unidentified
0947—249...... 09 47 36.01 —24 57445 0.854 21.6 r 1 19 N
0949 —206...... 09 49 09.17 —20 36254 1.158 229 r 1 13
0950—239...... 09 50 53.96 —2358 16.0 19.3 r 2 14
0952—224...... 09 52 20.48 —2227028 0.228 18.0 r 1 7
0955—283...... 09 55 36.53 —28 23475 21.1 r 2 14 N
0955—288...... 09 55 49.99 —28 49 46.3 1.406 21.8 r 1 13
0956—256...... 09 56 06.09 —2541533 22.8 r 1 7
0958 —227...... 09 58 26.19 —2245210 0.700 r 1 13 N
0959—-225...... 09 59 37.42 —2232202 0.895 211 r 2 14
0959—236...... 09 59 53.32 —23 40 59.0 226 r 1 13
0959—263...... 09 59 06.66 —26 22 55.1 0.677 19.6 r 1 1
1002—-215...... 10 02 50.28 —213016.0 0.59 20.5 r 1 1
1002—-216...... 10 02 47.31 —2137470 0.49 204 r 1 14
1006—214...... 10 06 12.94 —2124 285 0.246 18.2 r 1 1
1006 —286...... 10 06 54.40 —28 41 08.8 0.582 20.7 r 1 13 N
1008—233...... 10 08 28.78 —2322373 1.18 214 r 1 7
1009—259...... 10 09 35.17 —2555234 209 r 1 19
1012—-237...... 10 12 43.04 —2342182 0.993 r 1 9
1014—-200...... 10 14 46.86 —20 01 434 222 r 1 13
1014—-278...... 10 14 46.43 —27 49 06 r 1 9 N Unidentified
1017—-220...... 10 17 26.92 —22 04 53.7 1.768 21.6 r 2 14
1021-217...... 10 21 2295 —2143149 228 r 1 1 N
1022—-241...... 10 22 4433 —24 10 57.7 r 1 9
1022-250...... 10 22 57.09 —2501 101 0.34 19.3 r 2 14
1022—-299...... 10 22 11.66 —29 57 49.6 0911 r 1 9
1023-226...... 10 23 10.31 —22 38 06.4 0.586 20.6 r 1 14 N
1023-243...... 10 23 12.30 —24 20 56 H 3 * N
1025-270...... 10 25 3747 —27 01 50.4 0.72 212 r 2 14
1025—-293...... 10 25 44.55 —29 21 545 r 1 1
1026—202...... 10 26 35.21 —201203.0 0.566 21.3: r 1 13
1027-225...... 10 27 20.78 —2233029 0.15: 231 r 1 19 N
1029—233...... 1029 1223 —2323554 0.611 204 r 1 13
1033—-251...... 10 33 49.67 —2509 376 0.44 199 r 1 13
1033—259...... 10 33 56.24 —255713.1 SS 4
1034—-265...... 10 34 484 —26 3207 r 1 13 N Occulted by star
1035—288...... 10 35 03.32 —28 52177 1.276 225 r 1 13
1036—215...... 10 36 17.41 —2135289 0.585 20.0 r 1 1
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1040—285...... 10 40 33.64 —28 33 346 1.63 J 3 * N
1043-216...... 10 43 05.50 —2137535 1.105 r 1 1
1048—211...... 10 48 35.40 —210720 >24 r 1 1 N Unidentified
1048-238...... 10 48 09.78 —235001.0  0.206 K 3 *
1048—-272...... 10 48 19.04 —2717 123 1.558 213 r 1 7
1049—201...... 10 49 05.63 —2007 51.1 1.116 23.5 i 1 13
1051-274...... 10 51 57.47 —27 28 50.0 23.0 r 1 1 N Two possible IDs
10 51 56.92 —2728 49.8 K 3

1053-282...... 10 53 09.75 —2815312  0.061 SS 4 —
1056 —272...... 10 56 32.10 —-2714251 025 17.8 r 1 1
1103-208...... 11 03 54.36 —20 52471 1.12 214 r 1 13
1103—-244...... 11 03 45.73 —24 28289 005 172 r 1 1
1106—258...... 11 06 03.99 —2548496 243 212 r 1 1
1107-218...... 11 07 44.97 —21 51118 22.8 r 1 13
1107-227...... 11 07 21.11 —2246 12.7 r 1 19
1107-272...... 11 07 41.75 —27 13 46. r 1 13 N No map
1108-212...... 11 08 53.36 —2112272 r 1 9 N
1110-217...... 11 10 21.68 —214209.8 r 1 9
1112—-239...... 11 12 09.26 —235603.1 1.538 r 1 1
1114-217...... 11 14 45.87 —21 46 38.1 224 r 1 13
1117-217...... 1117 41.18 —214326.7 K 3 * N
1126—-246...... 11 26 34.55 —2441092 0155 17.0 r 2 14
1126—-258...... 11 26 32.19 —2553516 0979 22.1 r 1 1
1126—290...... 11 26 25.72 —2905017 041 19.1 r 2 14
1128—-268...... 11 28 34.44 —26 48 43.6 1.43 21.3 i 1 7
1129-250...... 11 29 12.60 —2503 535 1.065 22.7 r 1 1
1131-269...... 11 31 01.85 —265846.0  1.711 23.5: r 1 1
1132-258...... 1132 1172 —2552358 SS 4 .. N
1136—211...... 11 36 22.48 —-2107072 087 212 r 1 13 N
1137-257...... 11 37 55.16 —2546 16.7 1 13 N
1138—-262...... 11 38 1745 —26 12317 217 214 r 1 1,7 N
1139-285...... 11 39 03.61 —283409.7 085 . r 1 9
1142—-206...... 11 42 22.39 —2040 438 v 6 21
1142-242...... 11 42 45.83 —24 15 38.8 r 1 9
1145-248...... 11 45 04.16 —24 48 07.0 231 r 2 14 N
1152—-204...... 11 52 00.54 —20 28 06.2 r 1 9
1153-231...... 11 53 36.22 —2310345 18.2 r 2 14
1155-214...... 11 55 40.74 —2129 389 . r 1 13
1158—-275...... 11 58 36.10 —273320.8 K 3 *
1210-290...... 12 10 14.16 —29 00 08.9 K 3 * N

>24 r 1 7
1211-259...... 12 11 08.10 —255705.4 r 1 9
1211-272...... 12 11 48.79 —271409.2 1.893 24.5 r 1 13
1212-204...... 12 12 09.59 —2024 143 222 r 1 19
1215-215...... 12 15 09.08 —2130473 0072 17.7 r 2 14
1217-276...... 12 17 45.79 —2736247  1.899 236 r 1 13
1219-264...... 12 19 0345 —2629 374 230 r 1 13,19 N
1222-252...... 12 22 13.73 —-251207.5 0077 SS 4 —
1224—-208...... 1224 5522 —2048 379 225 r 1 13
1226-211...... 12 26 08.80 —2109408  0.1913 18.8 r 2 14
1230—-244...... 1230 05.22 —2429190 0257 K 3 *
1235-226...... 12 35 33.14 —-2239372 0778 21.0 r 1 19
1236—200...... 12 36 54.53 —20 05 30.9 237 r 1 19
1238—-236...... 12 38 12.80 —2338004 09 220 r 1 9
1239-256...... 12 39 55.01 —254200.7 i 1 7 N
1240—-209...... 12 40 33.86 —205549.2 042 19.5 r 1 7
1240-271...... 12 40 1693 —2709 46.4 227 r 1 7,19
1241-275...... 12 41 10.18 —27 35 54.5 Ss 4
1241-291...... 12 41 24.02 —29 08 25.5 r 1 9
1245-292...... 12 45 58.89 —291535.0 23.5: r 1 13 N
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1246—206...... 12464221  —2038 52.8 20.3 r 2 14
1246—231...... 12462541  —2308012 0.68 21.5 r 1 7
1251-289...... 12515873  —2857247 0.058 SS 4 —
1254—268...... 1254 4725 —2651331 0.135 171 r 2 14
1255-282...... 12554200 —28 13045 r 2 14 Possible QSO
1257-253...... 12570716 —2523289 0.06 Ss 4 —
1258—211...... 12581127 —2110140 158 i 1 7
1258—-229...... 12581748 —2256075 0.127 16.3 r 2 14
1259-200...... 1259 1258  —2004 339 158 r 1 13
1302-206...... 13 02 58.92 —2039 172 >20 r 1 13
1303—-215...... 13040087 —2131496 0.2 174 r 2 14
1306—262...... 1306 33.19 —261801.4 20.3 r 1 19
1307-217...... 13073671  —214341.8 r 1 9
1308—220...... 1308 5733 —2200454 0.8 r 1 13
1309-201...... 1309 26.56  —20 10 58.5 . i 1 13
1309—211...... 130909.77 —2106415 03 19.1 r 2 14
1309-294...... 1309 3850 —2924394 0.67 20.1 r 1 7
1312-274...... 13123275 —272919.6 225: r 2 14
1313-248...... 13132794 —-2450458 0.74: 20.8 r 1 13
1313-267...... 13131896  —26 42 30.0 220 r 1 7,19
1323-271...... 13 23 24.38 —2710034 0.044 SS 4 ..
1324-262...... 13240884 —261609.2 228 233 r 1 7
1325-222...... 13255383 —2216029 04 19.4 r 1 13
1325-257...... 13255469 —2542289 0.62 20.7 r 2 14
1328 -257...... 13282250 —254419.8 19.8 r 1 13
1329-257...... 13294577 —2544213 0.19 18.1 r 2 14
1331-214...... 13312492 —2127596 23.8 r 1 1
1334-296...... 13341000 —29 36 37 0.001 .. NGC 5236
1336-276...... 1336 37.80  —27 39 56.1 23.0: r 1 13
1343-253...... 13435556 —2522378 0.129 . r 1 7
1344-216...... 13444596 —2141509 033 183 r 2 14
1344-241...... 13442502 —2407228 0.019 Ss 4 —
1346—252...... 1346 0522 —2512274 0125 16.6 r 1 13
1347-218...... 13472802  —2149 509 214 r 1 9
1351-235...... 1351 024 —233548 >24 r 1 13 Unidentified
1353-216...... 13532827  —21 37 589. 229 r 1 1
1353-245...... 13531301 —2433424 SS 4 .
1354-251...... 13542724 —250849.1  0.037 SS 4 .
1357-217...... 135708.76  —21 42 06.2 i 1 13
1358—-214...... 13584727 —2127413 050 20.5 r 1 1
1401—-296...... 14012772 —2937 4238 r 1 13
1402-253...... 14020891 —2521181 0.74 20.2 r 1 7,9
2020—-211...... 20200440 —210639.0 0.054 16.2 r 2 11
2025-218...... 20250429 2150540 263 221 r 1 8
2028 —223...... 2028 0000 —222100 - 1 - No map
2028—-293...... 2028 19.64 —2921441 0498 20.1 r 1 18
2036—254...... 20362630 —2525080 20 23.5: r 1 16 Near galaxy
2038—-280...... 203842.83 —2803361 0.39 19.8 r 1 2
2039—-236...... 20392046  —2340554 0621 20.8 r 1 4,16
2039—-291...... 2039 36.85  —29 06 24.7 239 r 1 8
2040—-219...... 20402042 —2155236 0204 194 r 1 8
2040—267...... 20 40 4644 —2643 527 0.04 149 r 1 8
2042—293...... 20 42 56.62 —29 18474 . 23.0 r 1 10
2044-272...... 2044 1851 —2713413 >244 r 1 8 Tentative ID
2045—245...... 20451739 —2431438 073 223 i 1 11, 18
2045-256...... 204543.68 —2538053 r 1 20
2045—-260...... 20 4535.383° —2603 48.6 225 r 1 20
2048—272...... 20480429 —2714204 206 K 3 *

>24 r 1 12
2052—-253...... 20520477 —2521214 26 238 r 1 16
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2053—-201...... 20 53 12.98 —20 08 08.1 0.155 173 r 1 18
2057—286...... 20 57 12.77 —28 40 47.1 0.605 212 r 1 10 N
2058 —237...... 20 58 43.86 —23 45266 25: r 1 8 N
K 3 *
2058 —282...... 20 58 38.76 —28 13454 0.038 153 r 2 2
2059—228...... 20 59 00.75 —2248 385 224 r 1 2
2100-—-280...... 21 00 37.71 —28 01 15.7 232 r 1 20
2101-214...... 21 01 25.73 —212501.0 0.198 17.0 i 1 16
2104—-242...... 21 04 03.68 —2417 169 249 227 r 1 3
2104-256...... 21 04 29.90 —2537 485 0.037 15.1 r 2 1
2104—-290...... 21 04 01.34 —29 02 53.6 >24 r 1 10 N
e K 3 *
2105—238...... 21 05 40.25 —2349 244 235 i 1 16
2107-285...... 21 07 33.30 —28 30 21.1 20.7 i 1 18
2111-275...... 21 11 34.02 —273013.7 r 1 6 N
K 3 *
2113-211...... 21 134542 —2108 16.8 0.698 215 r 1 16
2115-253...... 21 15 01.09 —251911.2 1.114 220 r 1 2
2116—250...... 21 16 08.36 —2504 530 0.467 173 r 2 16
2116—294...... 2116 29.5 —-292317 r 1 2 N Unidentified
2117-269...... 21 17 49.07 —26 57 25.5 0.103 184 r 2 11
2118—266...... 21 18 23.12 —264141.8 0.343 189 r 2 16
2118-296...... 21 18 14.01 —29 39272 22.6: r 1 16
2123-292...... 21 23 43.07 —29 14 06.6 r 1 8 N
2125-237...... 21251371 —23 42508 0.95 21.2 r 1 18
2126-230...... 21 26 46.75 —2301 337 232 r 1 10
2131-241...... 21 31 46.32 —24 09 01.8 20.3 r 1 20 N
2132-236...... 21 32 2346 —23 35593 0.81 224 r 1 15
2134-281...... 21 34 1890 —28 08 22.8 0.07 174 r 2 11
2135-209...... 21 3501.35 —20 56 04.0 0.635 199 r 2 11
2135-257...... 21 35 08.64 —254521.0 1.31: 23.7 r 1 8
2136—261...... 21 36 32.12 —26 10222 24.2: r 1 8,20
2137-279...... 21 37 20.48 —2759 427 0.64: 21.3 r 1 10, 16
2139-292...... 21 39 21.66 —29 12215 2.55 212 r 1 8
2144-236...... 21 44 50.99 —23 37379 234 r 1 18
2144-279...... 21 44 38.30 —27 56 25.0 22.8 r 1 16
2148-228...... 21 48 27.73 —225053.9 0.85 21.8 r 1 18
2149-287...... 21 49 10.64 —28 42 369 0.479 212 r 2 11
2150—202...... 21 50 56.18 —2015215 21.5: r 1 20
2151-283...... 21 51 56.78 —2822 40 - r 1 16 Unidentified
2154—-293...... 21 54 1321 —29 21 58.0 0.63 205 r 1 8
2155—255...... 21 552126 —253021.0 235 i 1 18
2159-201...... 21 59 56.20 —2009 39.9 239 r 1 20
2200—-251...... 22 00 04.68 —2506 273 23.6: r 1 2
2201 -272...... 2201 44.74 —2715534 0.93: 222 r 1 8
2204—-202...... 22 04 30.59 —20 18 08.0 1.61 216 r 1 12
2206—237...... 22 06 32.67 —2346 41.1 0.087 16.6 r 2 11
2206—251...... 22 06 34.55 —2508 16.8 0.158 18.0 r 2 11
2210—283...... 22 10 46.83 —28 18 41.2 20.5 r 1 16
2211-252...... 22114136 —2516 225 234 r 1 20
2216—206...... 22 16 59.80 —20 36 33.7 1.148 221 r 1 20
2216—281...... 22 16 53.51 —28 11 33.0 0.657 214: r 1 20
2217-251...... 22 17 50.56 —2509 084 . 234 r 1 20
2222-2717...... 2222 28.67 —27 42 30.6 222 r 1 8 18
2224-273...... 22 24 55.80 —272021.1 1.68 225 r 1 16
2226—224...... 2226 59.13 —2226085 0.38 18.9 r 1 18
2226—297...... 22 26 29.05 —29 47 06.2 0.73 21.3 r 1 16
2229-228...... 2229 21.40 —2249 077 0.542 r 1 20
2230-—-206...... 2230 42.12 —20 40 23.7 0.6 20.8 r 1 8
2232-232...... 22 323581 —2315218 0.87 218 r 1 8
2236—264...... 22 36 34.32 —26 25 46.8 043 19.2 r 2 1
29
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TABLE 2—Continued
Run
IAU a(1950) 6(1950) z r(mag) Filter FOV  Number Notes Remarks
2238-216........ 22384590 —2136200 0401 r 1 20
2247-232........ 22474709 —2317049 133 244 r 1 3 N
K 3 *
2247—-248........ 22470347 —2450433 1.63 22.5 r 1 2
2248—-223........ 22482199 —2220278 0307 18.5 r 2 16
2250-210........ 22503810 —2101092 072 20.9 r 1 8
2254—248........ 22545879 —2453399 054 19.8 r 2 16
2255-228........ 22551828 —2252360 23.5: r 1 20
2256—207........ 22560179 —2043532 087 21.9 r 1 10
2303-253........ 23034596 —2523057 073 22.3 r 1 8 N
2304—-257........ 23042447 —254259.7 K 1 * N
>24 r 1 3
2307—282........ 23072595  —28 14 08.7 222 r 1 10
2308 —214........ 23080725 —2124325 0151 184 r 2 16
2311-222........ 23115720 —2212135 0434 20.5 r 1 2
2313-277........ 23134027 2746202 0614 23: r 1 20
2314-211A...... 23135532 —211136.0 229 i 1 18 N
2314-211B...... 23140214  —2109 589 203 i 1 18
2314-211C...... 23 14 14.31 —211205.7 213 i 1 18
2317-223........ 23171420 —222232 r 2 1 No map
2317-2717........ 23171546  —274350 0.173 r 1 18 Poor map
2318—244........ 23182449 —2427094 112 r 1 2
2320—269........ 23 20 37.05 —26 56 30.5 099 234 r 1 8
2321-228........ 23212394 —2251241 0114 15.3 r 2 16
2322-275........ 23220815 —2735494 127 21.8 r 1 8
2324-259........ 23235983 —255818.8  0.286: 18.3 r 1 20
2325-213........ 23255808 —2122226 058 20.8 r 1 2
2326—-254........ 23 26 10.10 —2524 357 211 r 1 8
2327 -215........ 23270289 —2130181 0.28 19.3 r 2 11
2329-251........ 23290937 —2508429 235 r 1 3
2340—-219........ 23404836 —2158132 0.766 209 r 1 10
2341-244........ 23413618 —2424211 059 20.9 r 1 18
2343-243........ 23 43 09.37 —2419113 0.6 19.9 r 2 16
2345-284........ 23 45 09.21 —2825061  0.028 r 2 11
2348 —-235........ 23485326 —2333473 0952 22.7 r 1 20
2351-222........ 23513594  —2213326 23.0 r 1 3
2351—234........ 23511755 —2328109 1.03 21.8 r 1 6
2355—-214........ 235501.08 —2130099 141 228 r 1 16 N
2356—210........ 23564553 —2104395 0.096 17.04 r 2 11
2359 -259........ 23594462 —2505572 20

Nortes.—(1) For sources noted as “ Unidentified” we list the radio position as derived from either our VLA images or from the MRC when VLA
observations are not available. Positions listed to the nearest arcsecond of declination are all radio positions. (2) All of the magnitudes listed are measured in
a 4” diameter aperture in the Thuan-Gunn r- band, even when the image shown in Fig. 1 is in a different pass-band. (3) The run numbers dedenoted by
asterisks are IR imaging runs that will be described elsewhere. (4) Field of view (FOV) codes are as follow: 1 = 66” x 66”(2.5 m + TI), 2 = 87" x 87" (1
m + TI), 3 =71" x 71" 2.5 m + IR), 4 = 170" x 170" (Sky Survey), 5 = 59” x 59”(2.5 m + Tek No. 1), 6 = 51” x 51” (2.5 m + Tek No. 2), 7 = other. 5. An
“N” in the column headed “ Notes ” means that there is a note for this object in § 4 of the text.

* Right ascensions in hours, minutes, and seconds.
b Declinations in degrees, arcminutes, and arcseconds.

source position (i.e., centroid or midpoint). For small (<5")
and unresolved sources we required that the candidate iden-
tification lie no more than 175 from the radio position to be
considered a firm identification. For larger sources we were
occasionally required to choose between more than one
candidate identification; the candidate closest to the mid-
point was usually chosen. In most cases the identification
process was straightforward, and we found it sufficient to
simply compute the offset from one of the secondary refer-
ence stars to the radio position to make the identification.
Once the source was identified, a precise optical position
was computed from the centroid of the identification
(usually a faint galaxy) and the secondary frame solution.

When less than three secondary reference stars were within
the CCD field, the position of the identification was com-
puted from the offset from a single star, after correcting for
the rotation of the CCD columns with respect to north-
south.

In several cases, more than one object remained a plaus-
ible identification after the final astrometry, and spectro-
scopic observations (Paper IV) were needed to decide which
one was correct. The object with the stronger lines was
chosen as the identification. This procedure is not as arbi-
trary as it may sound because the emission-line equivalent
widths of radio galaxies are typically several times those of
ordinary field galaxies (e.g., McCarthy 1993).
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The r magnitude of each source identification was mea-
sured in a series of apertures ranging from 0”5 to 10", and a
growth curve was determined. Local sky was determined by
computing the median within a 3” wide concentric annulus
with an inner radius 4” to 8”, the exact location of which
was chosen to avoid contamination from nearby stars or
galaxies. When nearby objects could not be avoided, they
were edited out of the image before the photometry was
performed. There are several objects that are too close to
foreground stars or galaxies for this procedure to succeed,
and their magnitudes are consequently highly uncertain, i.e.,
+0.5 mag, and these are noted below. The r magnitudes
listed in Table 2 refer to a 4” diameter aperture. For the
brightest galaxies the 4” aperture magnitude grossly under-
estimates the total magnitude.

4. RESULTS

Table 2 lists each radio galaxy or empty field by its IAU
name based on the 1950 source position in the MRC, its
1950 position, the provisional redshift when available, the r
magnitude within a 4” diameter aperture, the telescope and
observing run for which the identification image was
obtained, a code number for the size of the image in Figure
1, and a brief comment. The positions refer to the optical or
infrared identifications as derived above, except for those
sources noted as unidentified. For the latter the VLA radio
positions are listed. There are 452 entries in Table 2, several
more than the difference between the original catalog of 558
sources and the 110 quasar and BL Lac identifications. This
occurs because a few of the sources listed in the MRC were
found to be multiple in our VLA images. The identification
for these sources are included here, and those which are not
part of the complete radio sample are also identified as such
in the notes. The redshifts listed in Table 2 are provisional
only. Final precise redshifts and detailed notes concerning
the spectra will be presented in Paper IV. The redshift pre-
sented here should be accurate to 6z ~ 0.05.

Figure 1 (Plates 6-28) presents finding charts for nearly
all of the radio galaxies. Each image is a 200 x 200 pixel
subsection of a larger CCD or infrared camera image with
north at the top and east to the left. The radio source identi-
fication is positioned at the central pixel in nearly all cases,
but for a few objects this was either not possible or desir-
able. In all cases two vertical and two horizontal ticks mark
the identification. For the few sources that remain unidenti-
fied, we have indicated the positions of the radio com-
ponents with circles 5” in diameter. For small doubles we
have marked only the midpoint position.

The size of the field displayed depends on the telescope
and detector used. Column (12) in Table 2 contains a code
number for the field size, which is given in the notes to the
table. The vast majority of the images were taken with the
2.5 m/TI CCD combination and so have a field of 66”4
x 6674 (code 1). Many of the brighter objects were imaged
with the 1.0 m and TI CCD and have a field of 87" x 87"
(code 2). The infrared images are 70” x 70" (code 3), nearly
the same as the 2.5 m/TT CCD images. Several of the bright
galaxies were not observed with the 1.0 m telescope, and for
these we reproduce 100 x 100 pixel images from the digi-
tized SERC J sky survey films that have been rebinned to
200 x 200 pixel images with a field size of 170" x 170" (code
4). A few images were taken with the 2.5 m plus Tektronix
CCD and have a field of 59” x 59" (code 5).

Here we make a few remarks on some objects that have

MRC/1 Jy RADIO SOURCE SURVEY. L 31

interesting characteristics or for which the finding chart
alone may not provide enough information to make the
identification clear to the reader. All of the 5 GHz and 1400
MHz data referred to below are presented in Paper II.

0007 — 287 —The central component of this radio source
lies within 2” of a ¥V ~ 15 mag star, as confirmed spec-
troscopically by R. Hunstead and V. Kapahi with the
Anglo-Australia Telescope (AAT). No other plausible iden-
tification can be seen on our CCD images.

0022 —209.—There are two sources in our map; both are
identified with bright galaxies in the cluster Abell 27. Only
the westernmost of the two sources is strong enough to
remain in the complete sample.

0023 —203.—This source is 23" south of a bright star. The
identification is confirmed by our K image where the con-
trast against the scattered light from the star is better.

0029 —232.—This is a large source, and the identification
is slightly uncertain. The galaxy marked is ~2" from the
symmetry axis of the source. No other potential identifica-
tion is visible.

0029 —243.—The identification consists of two com-
ponents. The SW component is close to the midpoint of the
radio source and is the correct identification.

0041 —224—The 5 GHz VLA map reveals a compact
component that is well off center and slightly north of the
symmetry axis of the double source. Our (poor seeing) CCD
images fail to reveal an object at the location of this com-
ponent or anywhere else along the source axis. Our K
image, however, does reveal a very red galaxy along the
source axis but not coincident with the compact radio com-
ponent. We believe that this red galaxy is the correct identi-
fication and that the compact radio component is most
likely to be unrelated. We present both the r and K images
for this source to help the reader identify the field.

0045 — 255.—This source is identified with the starburst
galaxy NGC 253; no chart is included.

0048 —233—This source is identified with a bright
galaxy that lies only ~ 10" north of a bright star. The CCD
image was taken through clouds.

0052—241—The identification is quite faint and does
not appear clearly in the chart shown in Figure 1. Strong
Lya emission (see Paper IV) confirms that this is the correct
identification.

0102—256.—The identification of this source is uncer-
tain. The radio source is unresolved, and its position is 2”
east of the galaxy marked. The positional disagreement is
larger than the +1”5 that we used as the nominal accep-
tance criterion.

0112—219—This source was not observed with the
VLA, and we are unable to identify it on the basis of the
MRC position. We have not included a finding chart.

0113 —245—We are unable to identify the central com-
ponent of the source in our 5 GHz maps. CCD images
taken with the 2.5 and 1.0 m telescopes fail to reveal any
object at the location of the most plausible candidate for the
central component. The structure of the 5 GHz map sug-
gests a larger source, and this is reinforced by a 1400 MHz
map (see Paper II). It is unclear if the larger component is
related, as no optical counterpart appears near its midpoint.
In Figure 1 we show a sky survey image with the four
components marked. The field of view of this image is
340" x 340"

0115 —261.—This source is identified with a moderately
faint galaxy located 15”5 E and 10”5 N of a much brighter

© American Astronomical Society * Provided by the NASA Astrophysics Data System


http://adsabs.harvard.edu/abs/1996ApJS..107...19M

AgJSI C1072 7719

r1996

PLATE 6

| . \
4
B . . I SERTAEIE ~ R — _
L | o " By ] ?
I | I * |
BBBIfEEE BBAE-212 BB.E?—EE?
e *l«“' % \%;?QQ ;, ) | - - l*
,’Y ’ ' : E »
s % 5 L s )
' ® . 1 - & : i
g T g LT T !
¥ R e “ R
| T o f‘ i " | |

8815-229 B017-2835 BB28-233 Be2z-ze3

L I . e éi“él ‘ i

. $omga ke B
i 3 i v ¥ ) a‘*‘ Gj
’ e S,
v . — - o rah o
| & I " LR RS T J _l P ' ; ¥ | € **
BB2E3-283 BB23-263 BB25-284 BB25-277
i LA P e |
L ; & : ! ) ¥ . & & :
I * - —_— L - — - « % i S 8 R
* . ‘ " - .
o * Coe ‘e
| LI TR |
BB28-223 Bp29-232 BB29-243 B038-219
e T A e R O ST A i
o N BEEE. “ 1 . . "
* ot - ’ = - : -
2k, ’ - il W Y SRR i
: . > * ! - . TN S
@ J * - -
I, o SR R ey , IS

@B35-231
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galaxy. This source was incorrectly identified with the
brighter galaxy by Ekers et al. (1989), and thus the source
should not be part of their optical magnitude limited
sample.

0122—255.—The central component of this triple source
is coincident with the stellar object at the center of the chart
in Figure 1. Spectra obtained by us with the CTIO 4 m
shows this object to be a star. We detect no other potential
identifications for this source.

0127—276—Our 6 cm map reveals a single resolved
component located 6” E and 2” S of the marked identifica-
tion. Long-slit spectra obtained with the CTIO 4 m (Paper
1V) reveals strong spatially extended [O m] A45007,4959
emission at the location of the identification and the radio
source. We are confident that we have the correct identifica-
tion and suspect that we are missing the western lobe of the
source in our map.

0149—260.—The identification of this source is uncer-
tain. The 5 GHz map reveals two sources, the eastern one of
which is identified with the galaxy marked A in Figure 1.
The other source could be identified with either of the two
objects marked as B1 and B2, although we believe that B1 is
the most likely identification.

0203 —209.—There are three faint galaxies near the
center of the field shown in Figure 1. The central galaxy is
the identification for the triple source (see McCarthy et al.
1990).

0211 —258—There is a compact group of galaxies near
the center of this double source. We believe that the bright-
est galaxy in the group is the correct identification.

0221 —285.—The identification for this double source is
uncertain. The presence of a star 4” W and 4” S of the
midpoint interferes with the imaging. The faint object
marked in Figure 1 lies along the radio axis but is 3”5 from
the midpoint. No other potential identifications are visible
in our deep CCD images.

0226 —284—Our 5 GHz maps reveal this to be two
sources, both of which are identified with bright cluster
galaxies. The identifications, noted as 0226—284A and
0226 —284B, are both shown in Figure 1. Source
0226 —284B may fall below our 408 MHz flux density limit
of 950 mJy.

0242—221—This source is not identified on our CCD
images, but our deep K image shows a faint galaxy within
2" of the position of the compact radio source. The position
given in Table 2 is derived from the K image.

0251 —273.—This narrow-lined galaxy has the highest
redshift in our sample (z = 3.16). Our r and narrowband
Lya images reveal no significant structure, and our K
images also show the object to be compact.

0255 — 247 —The structure of this source as revealed by
our 6 cm map suggests that we may be seeing only one
component of a larger double source. Our CCD images
reveal no potential identification at the location of the radio
component seen in our map.

0256 — 236.—The source is a low surface brightness 46"
double, and it was resolved out in our 5 GHz observations.
We do not have a CCD image of this field, and we are
unable to identify the source on the digitized sky survey.

0259—252A4, B—We are unable to identify this source or
even decide for certain if it is one or two sources. Our
5 GHz map is quite poor and suggests either a very large
source (0 > 360”) or two sources. Our 1400 MHz map
reveals both components but is ambiguous as to whether it

Vol. 107

is one or two sources. We have obtained images at the
positions of both components and near the midpoint with
the 1.0 m telescope and fail to find any plausible candidate
identifications for either the one or two source scenarios.
We reproduce a 340” x 340" chart from the digitized sky
survey with the two components marked.

0309 —260.—The source is a very low surface brightness
double, and the identification is also of very low surface
brightness and is not easily visible in the chart shown in
Figure 1.

0312 —271—The source is complex and is composed of
two or more double sources. No plausible identifications for
various assignments of the components to two or more
sources are seen in our CCD images obtained with the 1.0 m
telescope.

0315—205.—The identification for this source is diffuse
and barely visible in the r-band, although it is easily seen at
H. We reproduce the r image here but give the position
based on astrometry from the H image.

0316 —257—This is the second highest redshift in our
sample and the galaxy has a complex morphology. The
western component is the correct identification for the small
double source (see McCarthy et al. 1990).

0327 —261.—The source is complex and is composed of
two or more sources.

0349 —278—This is a well-known identification and
optical spectra reveal strong emission lines extended over
many arcseconds (e.g., Danziger et al. 1984).

0353 —207—We are unable to identify this unresolved
steep spectrum source on our CCD images obtained with
the 2.5 m telescope. We do not have a K-band image.

0357 —264—We have not succeeded in identifying this
source. The only image that we have of this field is a 600 s
exposure with the 1.0 m telescope. Deeper imaging is
required.

0422 —249.—The identification for this source is faint
and diffuse in the optical and we do not convincingly detect
it in our r image. The identification is well detected at K,
and we reproduce both our r and K images in Figure 1.

0428 —236.—This source is not identified on our CCD
images obtained with the 1.0 m telescope.

0428 —281.—The correct identification is the north-
westernmost object of the three at the center of the field.

0431 —250.—We are unable to identify this triple source
on our r-band CCD images obtained with the 2.5 m tele-
scope.

0436 —203.—We have no CCD images of this source. For
completeness we include the sky survey chart with the VLA
position marked.

0442 —289.—We have no CCD images of this source, but
for completeness we include the sky survey chart with the
VLA position marked.

0457 —235.—The identification is 4" W and 5” S of the
bright star near the field center. The identification consists
of two components, one of which is coincident with the
central component of the radio source, the other with the
NE radio lobe. The NE component is seen more clearly in
the g image than in the r image shown in Figure 1.

0541 —288.—There are two possible identifications for
this source, the object marked and the object located 4” W
and 3" N of the center. Our K images show the SE object to
be redder and is thus more likely the correct identification.

0543 —265.—The correct identification is the easternmost
object of the pair at field center.
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0551 —226.—The correct identification is 1”5 E and 0”5
N of a star and is seen more clearly at K.

0552 —249.—The correct identification is 179 W and 3”3
N of the star near the field center.

0557 —235.—The midpoint of this double source is only
4" from a bright star. We are able to identify it only at K
due to the scattered light from the star at r.

0614—295—We do not have an r image of this source
but have identified it on the basis of a K-band image, shown
in Figure 1.

0946 — 237—Our 5 GHz map reveals two sources, only
one of which is strong enough to remain in the sample. It is
identified with the southernmost of the two objects at the
center of the field. ‘

0946 — 262.—The identification for this double source is
1”5 W and 2" N of the southernmost of the pair of stars near
the center of the K image shown in Figure 1.

0947 —217—We are unable to identify this source. Our
5 GHz map is quite poor and reveals three components, one
of which may or may not be part of the source. Our 1400
MHz map shows the source to be a double. The positions of
these two components are shown on the chart in Figure 1.
Neither our r- nor our K-band images show plausible
candidates for the identification.

0947 — 249 —Our 5 GHz map reveals two sources, one of
which is strong enough to remain in the sample; it is identi-
fied with a faint galaxy. The counterpart of the other source
is not detected in our CCD image.

0955 —283.—The correct identification is the northwest
component of the double object at the center of the field.

0958 — 227 —There are two possible identifications for
this compact source. The southeastern of the two objects
near the field center is the more likely one (and is marked)
but the northwestern one cannot be ruled out.

1006 — 286.—The northeastern of the two objects at the
field center is the correct identification for this small double
source.

1014—278—We are unable to identify this unresolved
source in either our deep r- or K-band images, setting upper
limits of r > 24 and K > 19.

1021 —217.—There is a z = 2.4 field galaxy 14” east of the
radio source, marked on the chart with an F.

1023 —226.—Our 5 GHz map reveals both a double and
a compact source. The double source is identified with the
galaxy at the field center. The compact source is too weak
for inclusion in our sample and lies close to a bright star.

1023 — 243.—This small double source is not identified in
our deep r and i images obtained with the 2.5 m telescope.
The identification is, however, clearly seen in our J, H, and
K images. We show the H-band image in Figure 1.

1027 — 225 —There are two plausible identifications for
this 16” double source. Both of the potential identifications
are marked with ticks in Figure 1.

1034 —265—This source lies 2’4 E and 077 S of the
apparently stellar object shown at the center of the chart in
Figure 1. Spectroscopy of this object by Hunstead &
Kapahi with the AAT confirms that it is a star. We are
unable to identify the source.

1040 —285—The identification is northeast of the star
near the center of the field. We present our J image in
Figure 1 since the contrast against the nearby star is best in
this image.

1048 —211—We are unable to identify this unresolved
source in either our deep r- or K-band images, setting upper
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limits of r > 24 and K > 19.

1051 — 274.—There are two possible identifications along
the source axis. The r image shows a faint object along the
radio axis, while the K image reveals a very red object also
along the axis, but further from the midpoint. We show
both images in Figure 1 and give the positions for both the
r- and K-based candidate identifications in Table 2. The
candidate K-band identification is marked with a pair of
small tick marks in the center of the chart.

1107 —272—We are unable to identify this source in
large part because of the presence of strong scattered light
from a bright star south of the radio position.

1108 —212—The identification for this triple source
appears to be a galaxy ~ 15” from a bright star.

1117 —217—This double source is identified with a
galaxy in our K-band images. It is not seen in our (low
quality) r-band image. Our K image is shown in the chart in
Figure 1.

1132—258—This source was identified with a stellar
object. Spectroscopy with the AAT showed this object to be
a star. The positional coincidence between the radio posi-
tion and the star is such that we have not attempted to
image this source to seek a fainter identification.

1136 —-211—The correct identification is the north-
westernmost of the three objects at the center of the field.

1137 — 257 —The identification for this source is uncer-
tain. The object marked in Figure 1 lies 4” east of the
compact radio source.

1138 —262.—The identification for this bent triple source
is highly complex. The image shown is the sum of several r
images for a total of more than 6000 s of integration.

1145 —248—There are two possible identifications for
this small triple source. The northern object is closer to the
midpoint (and possible core) of the source, while the
southern object is brighter. We suspect that the northern
component is the correct identification, and it is marked on
the chart in Figure 1.

1210—290—Our deep r and i images fail to reveal an
identification for this 5” double source. Our K-band images,
however, clearly reveal the identification and a very red
companion object. We show both our r and K images to
help the reader recognize the field.

1219 —264.—The identification of this large triple source
is a very diffuse and low surface brightness galaxy.

1239 —256.—The identification for this source is faint
and diffuse. Figure 1 shows an I-band image; the identifica-
tion has I = 23.

1245 —292—The identification for this source lies 2”5 E
and 4” S of the star near the field center.

1255 —282—The identification for this source appears
stellar on our images obtained with the 1.0 m telescope. The
source is a 45” double with bright bridge emission. This
source may be a quasar.

1258 —211—The potential identifications for this small
double consist of two components aligned east to west and
just to the southeast of the star near field center. Our
astrometry places the radio midpoint closer to the western-
most object, and its redder color also suggests that it is the
correct identification. It is possible, however, that the two
optical components are extranuclear light associated with
the alignment effect and that the nucleus lies between them.

1302 —206.—This small double source is obscured by a
bright foreground galaxy.

1307 —217 —There are two plausible identifications for
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this source. The northern source is brighter and closer to
the radio midpoint and possible central component and is
more likely to be the correct identification.

1334 —296.—This source is identified with NGC 5236; no
chart is included.

1343 —253—The identification is the bright elliptical
south of the field center.

1351 —235—We have not been able to convincingly
detect an identification for this double source, despite
repeated efforts in both the visible and near-infrared. The
identification appears to be fainter thanr > 24, K > 19.

2028 —223—This source was not observed with the
VLA, and we are not able to identify it on the basis of the
MRC (Large et al. 1981) position.

2036 —254.—The correct identification is a faint galaxy
4" east of a brighter foreground galaxy seen near the center
of the chart in Figure 1.

2039 —291.-The identification for this double source is
uncertain. There is a faint galaxy detected at both r and K
lying 4” north and west of the midpoint, nominally too far
to be considered a secure identification. There is some low
surface brightness radio emission near the faint galaxy so
we consider it as a possible, but unlikely, identification.

2044 —272.—There is a very faint galaxy at the position
of this unresolved source, and we consider it a tentative
identification.

2045 —256.—This source is identified with a faint galaxy
that lies just south of a bright star. It is too close to the star
to allow spectroscopy.

2048 —272—The identification for this small double
source is not visible in either our deep r- or I-band images.
It is clearly seen in our deep K image, and optical spectros-
copy has confirmed it to be the correct identification.

2057 —286.—The correct identification is the southern-
most of the two objects near the field center.

2058 —237—The identification is only marginally
detected in our r-band CCD images, but it is well detected
at K.

2104 —290—This large double source is identified only
in our deep K images.

2111—275—Our r image was taken in very poor seeing
and the identification is only marginally visible. We have
included a K image which shows the identification more
clearly.

2116 —294—We have not been able to identify this large
double source. There are no galaxies brighter than r ~ 22
within 10” of the midpoint.

2123 —292—The identification of this double source lies
only 35" from a very bright star and is not easily seen in the
chart in Figure 1.

2131 —241—The identification is a galaxy 1” northwest
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of a star visible at the center of the chart in Figure 1.

2247 —232—The identification for this source is quite
faint and is not easily seen in the reproduction of our r
image in Figure 1. For clarity we have also included a
K-band image. The radio galaxy is southeastern of the two
galaxies appearing at the meeting of the tick marks in the K
image.

2303 —253.—The identification of this source consists of
a chain of galaxies, the southwesternmost lying closest to
the radio core. A 6 cm map and larger optical image of this
source is given in McCarthy et al. (1991).

2304—257—We are able to identify this galaxy only at
K, even though our r images are fairly deep. Both the r and
K images are shown in Figure 1 to aid in the recognition of
the field.

2314—211—Our 6 cm VLA map shows this to be three
sources, which we designate A, B, and C. We show separate
finding charts with the identifications marked for each
source. Sources 2314—211 A and B do not belong in the
complete sample as their 1410 MHz flux densities imply
that they fall below our 408 MHz flux density limit.

2355—214—The identification for this small double
source is the southwesternmost of the two objects at the
center of the field.

5. SUMMARY

We have presented optical/near-IR identifications and
finding charts for a large and complete sample of low-
frequency selected radio galaxies. This sample is well suited
to a wide range of statistical studies as well as to detailed
investigation of selected subsamples. In subsequent papers
in this series we will provide all of the remaining basic data
that is needed to fully utilize the survey data.
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